could distinguish between protein and calorie deficiencies. They concluded that marasmus is a calorie deficiency and kwashiorkor a protein deficiency. In 1967 Gopalan (3) stated that he found no definite difference between the dietary patterns of children who developed kwashiorkor and of those who developed marasmus. He postulated that the body's extent of adaptation to protein and calorie-deficient diets, as influenced by their degree and duration, is the factor which leads to a consequential change of the hormonal balance and is thus responsible for metabolic changes in the body. Failure to adapt would lead to the development of kwashiorkor. Children with extreme adaptation would develop marasmus.
Hormonal factors involved in this adaptation are not clear. Waterlow and Stephen in 1966 (4) suggested a possible role for insulin, Pimstone,1966 (5) reported a raised growth hormone level in kwashiorkor. Mockenberg, 1963 (6) showed that marasmic children who failed to gain weight, even when receiving 120Cal/kg b.w., showed good body weight gain after receiving an injection of human growth hormone. Rao, 1974 (7) suggested that the development of the contrasting syndromes of kwashiorkor and marasmus in children with protein calorie malnutrition is due solely to a variable response of the adrenal cortex in adapting to the same dietary stress. Whitehead et al. (8) in 1976 have suggested that there are many factors other than dietary protein or energy which influence the form of protein calorie malnutrition. His study also supported the hypothesis that hormones, such as insulin and cortisol, might be among them. It is our view that both environmental and host factors must be considered.
Near-starvation appears to be the cause of marasmus. The symmetrical decrease in all dietary nutrients, including calories, causes the child to consume his own tissue as a source of nutrient. This equally scarce, but nutritious fare prevents the development of specific deficiency signs, although total energy expenditure falls as the total body mass shrinks (9) . All of the endocrine adjustments to fasting occur as shown in Fig.1 . Under the influence of somatotropin, corticoids, and glucagon, fatty acids are mobilized from adipose tissue and amino acids from muscular tissue. Hepatic gluconeogenesis is enhanced and plasma proteins are maintained near normal concentration. No edema occurs as long as the cardiac index is sufficient to provide adequate renal perfusion.
When children consume a diet more adequate in calories but still limited in protein, a different endocrine adjustment occurs. Alleyne and Young (10) and Rao et al. (11) have shown that although cortisol levels are raised in kwashiorkor, they are much higher in marasmus. It appears to us that it is not the adaptation of the adrenal cortex in kwashiorkor that is defective, but rather that a powerful stimulus to the hypothalamus provided by lack of calories is absent, and makes the adaptation different.
The hypothalamic-pituitary-adrenal axis seems to sense calorie restriction much better than protein restriction. In the presence of more calories, the mobilization of fatty acids from depot fat and amino acids from muscle does not occur to the same extent. As a result of the amino acid deficit, the synthesis of plasma proteins (particularly albumin) falls with a corresponding fall in oncotic pressure. Extracellular water accumulates, tissue pressure rises and cardiac output falls, renin is synthesized by the kidney, and the resulting aldosterone further enhances sodium retention which further dilutes the plasma proteins. This situation does not differ in its essential elements from that seen in edematous states associated with chronic liver disease, in which the deficit is not due to a deficiency of amino acids but a destruction of the reticulum of the liver with a consequent reduction in its ability to synthesize plasma proteins at the required rate (12) . It appears that there are genuine differences in the distribution of marasmus and kwashiorkor in different parts of the world. In Lebanon and Iraq (13, 14) about 90-95% of children with PCM are marasmic, whereas in Africa kwashiorkor predominates in Uganda and marasmus in Gambia (8) . In Thailand, essentially equal numbers of children are found with marasmus, marasmic kwashiorkor, and kwashiorkor (15) .
Classification of protein calorie malnutrition
The classification of Gomez and Frank for PCM (16) , introduced in 1955, has been extensively used. It is based upon an age-related body weight deficit. Waterlow (17) (18) (19) has suggested that the weight for height is a better index of the current stage of malnutrition in the child than the weight for age.
The question arises as to what standard should be used as a reference for weight and height. It has been shown that the average weight and height of Northern Thai children is equal to the tenth percentile of the Harvard standard (20) . Habicht et al. have demonstrated that there is no basic difference in the genetic potential for growth in different races (21) . It is therefore appropriate that an international standard be adopted, and the one most widely used internationally is the Harvard standard. Van Wieringen (22) has furthermore shown that above the age of 1 year, weight at any given height is independent of age.
The Working Party sponsored by the Wellcome Trust, which met in Jamaica in 1970 to discuss the classification of infantile malnutrition (23) , suggested that weight for age by the Harvard standard should be used. They concluded that the diagnosis of marasmus should be applied to children who are less than 60% of the expected weight for a particular age, and without edema; that marasmic kwashiorkor should be applied to those less than 60% of the expected weight, but with edema; and that the term kwashiorkor be applied to children with edema who were above 60% of expected weight for age. It is our experience that this classification tends to put patients with kwashiorkor into the marasmic kwashior kor group. Diagnosis of kwashiorkor is underestimated, simply because average Northern Thai children are smaller than the Harvard standard growth chart indicates. This same situation also applies to the Gomez classification which is based on the degree to which the child's weight for age differs from the accepted standard. Those children who are stunted but not wasting would be classified as severely protein-calorie-malnourished, which is a disadvantage for judging their present nutritional status.
For the past several years we have employed the criteria of McLaren (24) for the classification of PCM between marasmus, marasmic kwashiorkor, and kwashiorkor. We have modified his system, however, first by clinical estimates of anthropometric data, and later with a quantitative scoring system as shown in Table1. The purpose of our classification is to ascertain PCM differences mainly in the clinical and hospital setting. Our system aims to classify PCM qualitatively, so as to help to rate the clinical severity and mortality of the different types of protein calorie malnutrition.
It employs anthropometric, clinical, and biochemical data. We have used percentage weight for height as the most representative indication of general nutritional status, corrected for the presence of edema. The score is high when edema is present. For clinical data, we have used dermatosis as a reliable indicator of kwashiorkor, commonly associated with severe PCM and have attached significant weight to its presence. Scores for serum albumin are modified slightly from McLaren's system. Some patients were edematous prior to admission, but shed their edema on admission. In this type of patient, the association of low serum albumin would convey a bad prognosis. According to those criteria, marasmus is diagnosed when the score is between 1 and 3; marasmic kwashiorkor when it is between 4 and 7; and kwashiorkor when it is over 8.
Since growth potential will be attained to differing extents in different communities, it seems desirable to eliminate from the diagnosis of acute malnutrition the dwarfing effect of children of normal proportions. It is clear, of course, that dwarfing may be the result of modest long-term chronic malnutrition. Consequently, the expected weight for height should be the criterion of choice. As Van Wieringen (22) has shown among Dutch children, the weight at a given height is independent of age. We have seen that by using the Harvard standard, the weight for a given height is linear when the height is between 50-95cm. The equation to calculate the expected weight (W) for given height (H) is shown in Table2. The equation for boys is W=0.24H-8.28, and for girls W=0.24H 8.13. The correlation coefficients for the above two equations are above 0.9.
Feeding and clinical history
In rural areas of Northern Thailand, breast milk is the primary source of food during the first year of life. Colostrum is ordinarily discarded because of the colour and the belief that it will cause diarrhea or fever. In general, the weaning period is about 18months, with a range of between 7 and 30months. Ground rice and mashed bananas are commonly used for feeding the children during their first year of life. Meat, eggs, vegetables and other fruits are not customarily given during the first year. Dairy products are neither available in adequate quantities nor sufficiently appreciated. Sweetened, condensed milk is the only item commonly consumed when breast milk, for any reason, is not adequate or available.
Selected aspects of the clinical history of patients with PCM are shown in Table  3 . It is shown that diarrhea in children with PCM was the most common symptom prior to admission. Fever was the second most common symptom reported by the parent. A history of cough was found among 62% of these PCM cases; but of this number only 58% had X-ray evidence of pneumonia. At the same time, 25% who had positive chest X-rays had no history of cough. Edema was seen in 56% of total cases. It is interesting that 7% of children with marasmus had a history of edema some time prior to admission. No child was brought to the hospital because its parents felt that it was malnourished.
Clinical and laboratory findings
The clinical data are given in Table4. It is shown that marasmic children are somewhat younger, smaller, and lighter than the others. The average weight was 5.7kg and only 49% of expected weight for age, calculated from the Harvard standard. Children in the kwashiorkor group were the oldest, and also highest in body weight, due mostly to an expansion of extracellular fluid. The marasmic kwashiorkor group was intermediate in age and body weight. The weight for height of the three groups ranged from 69 to 77%. Vitamin status in protein calorie malnutrition is shown in Table 5 . There is a high incidence of vitamin A deficiency in Thai children with severe protein calorie malnutrition, as evidenced by ocular pathology and low serum vitamin A levels. Clinical evidence of thiamine deficiency (such as hoarseness, peripheral neurop athy, and/or congestive heart failure) is rare, whereas the clinical signs of riboflavin deficiency (as shown by glossitis, nasolabial seborrhea, and angular stomatitis) are common. But the clinical signs of these two vitamin deficiencies are deceptive because there is little correlation between the clinical signs and the biochemical findings (25) . Vitamin D deficiency was not common among the PCM children seen at this Center.
Regarding the infections associated with PCM (Table6), it has already been noted that diarrhea is common. Stool cultures were found to be positive in only one third of these children; pathogenic E. coli was the most common pathogen grown from the stool. Pneumonia diagnosed by X-ray was also common among all types of PCM. Sepsis was a serious form of infection among these children. Gram negative bacteria were frequently grown from the blood, including Pseudomonas, E. coli, Proteus, and Bacteroides. It is very striking to note that sepsis confirmed by positive blood culture was found among 75% of those patients who died. The proper diagnosis of infection in PCM children is crucial to their proper care. Besides a general physical examination, one should consider a routine chest X-ray, Table5 .
Vitamin status in PCM children. Hematological and biochemical findings It was shown in Table7 that anemia is mild. Hemoglobin values averaged about 10g% on admission, although after 1 week of treatment the hemoglobin values of 50% of patients dropped to below 10g%. The plasma protein values for the three main classes of PCM were typical of those reported previously (26) (27) (28) . Serum albumin levels were markedly depressed in the kwashiorkor group. The transferrin content was measured by total iron-binding capacity (T. I. B. C.) and was below the normal level in all classes of children, but markedly reduced in kwashiorkor. Plasma levels remained unchanged in all three groups, meaning that the transferrin of children with kwashiorkor is more highly saturated. The serum folate level showed a slight decline but was above the level associated with true deficiency. Megaloblastic anemia was rare. The serum cholesterol level was low, being most markedly reduced in the kwashiorkor group. The average serum vitamin A content was low, with about 54% of children showing frank signs of vitamin A Treatment of protein calorie malnutrition There are four essential principles in the treatment of protein calorie malnutrition:
1. Fluid and electrolyte therapy; 2. Therapy for infection; 3. Therapy for vitamin deficiencies; 4. Dietary therapy (to which the major emphasis is given in this paper).
Fluid and electrolyte therapy. Children with protein calorie malnutrition admitted to our metabolic unit in Chiang Mai showed normal or low sodium, low potassium, and often low magnesium levels in the serum. Low serum potassium was a common finding among our kwashiorkor children, especially when diarrhea was present. The initial supplement of potassium intravenously or orally in severe potassium depletion should be about 7-8mEq/kg/day, with maintenance doses of 5 mEq/kg/day orally thereafter.
Opinions differ on the amount of sodium needed for the treatment of severe PCM with diarrhea. The high dosage of 6mEq/kg/day has been recommended by Dean and Swanne (30) . Low sodium diet 1mEq/kg/day was used successfully by Wharton (31) . He found that, by this method, cardiac failure associated with PCM in his children was almost eradicated, even among these with low hemoglobin levels. We daily used 2.7mEq of sodium in the total diet per kilogram of body weight among PCM children with diarrhea. With this regimen of sodium intake, cardiac failure during the initial course of treatment has not been a problem in our patients. The amount of low sodium intake should be carefully controlled among kwashiorkor children with severe edema. This type of child should receive only the amount of sodium available in the milk formula, even when using a diluted milk formula. One might argue about the usefulness of intravenous fluid and electrolyte therapy, and prefer to use intragastric fluid administration (32). But we are convinced that the administration of fluid and electrolytes, especially during the first 24hr, is very advantageous for the improvement of children suffering from severe PCM with associated diarrhea. Therapy for infection. The type and dosage of antibiotics used for the treatment of infection in severe PCM depend on the site and severity of infection (33) . Prophylactic antibiotics are not used. When sepsis is suspected, one should initiate aggressive therapy to cover Gram-positive and Gram-negative bacteria, particularly Pseudomonas.
Vitamin therapy. The clinical signs of PCM relative to vitamin deficiency diseases are deceptive. The manifestation of protein deficiency per se in the mouth, skin etc. may overshadow, alter or substitute for the classical manifestation of B complex vitamin deficiencies. Our findings show that children with PCM have depressed stores of both water-soluble and fat-soluble vitamins (25) . All children should be supplemented with all vitamins, not only to resaturate the shrunken tissue but also to provide adequate amounts for the proper functioning of new tissue generated during growth. The amount of vitamin required during the initial treatment, as well as during maintenance therapy, is shown in Table8. An additional 100,000 I.U. of vitamin A is added when there is a sign of vitamin A deficiency.
Dietary therapy. The optimum requirement of protein and calories for the treatment of severe protein calorie malnutrition remains controversial, despite wide experience with various regimens in many countries in the world. Several investigators have emphasized the importance of high protein intake (34-37), whereas other investigators have stressed the importance of calories (38) (39) (40) (41) . It is obvious that adequate quantities of both protein and calories are necessary to promote optimum recovery in severe PCM children. The general hypothesis which has emerged from a variety of studies is that, once the protein minimum is met for maximum growth in these sick children, actual growth is dependent on the calorie intake. Periera et al. in 1965 (38) found that feeding 3, 4, and 5g protein/kg/day made no difference to the rate of recovery if 150 Cal/kg/day were supplied. Graham et al., 1963 (39) showed that 175Cal/kg/day was necessary to establish an adequate rate of weight gain in severely malnourished children fed 3g of protein/kg/day. Since he also found that less severely malnourished children could recover on 2g of protein/kg/day, it is likely that the requirement of protein is directly proportional to the severity of the disease, beginning at 1g/kg/day for normal children and rising to 3g/kg/day for severely malnourished children, provided that optimum amounts of calories are fed. Grimble and Whitehead in 1970 (42) reported that with protein intake in the range of 0.9 to 4.7g/kg/day, at a calorie intake of about 140 Cal/kg/day, 4.7g of protein/kg/day was required to give a maximal rate of growth and serum albumin regeneration. At the suboptimum calorie intake, a higher proportion of protein appeared to be useful. On the other hand, Rutishauser and McCance in 1968 (40) demonstrated that on a diet containing 4g of protein/kg/day, the weight change in malnourished children was proportional to calories in the range of 120-250Cal/kg/day. Gopalan et al., 1974 (43) showed that at 200Cal/kg/day, protein had no effect in the range of 3.5 to 6g/kg/day, although at suboptimal calorie intake protein did stimulate growth when fed at 6g/kg/day. To compare the effects on growth and serum protein regeneration of an ad libitum diet using solid food together with a milk formula and a milk-based formula containing differing amounts of calories and protein, 176 severely malnourished children were included in the study. The formula was given by tube feeding when indicated. Corn oil and dextrose were added to the formula to supplement calories to the required level. Essential vitamins and minerals were also added to our regimen of treatment as shown in Tables8 and 9. The use of the milk based formula among our children with severe PCM did not appear to cause the prolonged diarrhea observed by others (44-46). The change of the percentage of body weight during treatment among children with M, MK, and K in Groups I to VII is shown in Fig. 3 . There was no significant change in the percentile body weight of marasmic children in Groups I and II during the first 3 weeks. Groups IV, V, and VI, which received 2g, 3g, and 4g of protein with 175Cal/kg/day, and Group VII with ad libitum feeding, all showed significant changes over the first 3 weeks. Groups I, II, and III showed catch-up growth on 4g protein and 175 Cal/kg/day between day 29 and 50.
Among children with marasmic kwashiorkor it was shown that during the first 3-week period Groups I, II, and III showed no significant growth, whereas Groups IV, V, VI, and VII grew. Groups I, II, and III showed catch-up growth between day 29 and 50, and at day 70 there was no significant difference in the total growth increment between all the groups.
Children with kwashiorkor in Groups I, II, III, and IV did not grow during the first 3 weeks, and showed catch-up growth during days 29 to 54. Groups V and VI, which received 3 and 4g protein with 175Cal/kg/day, and Group VII which received ad libitum diet, grew well. At 70 days all children had essentially the same weight for age.
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and calories intake are shown in Fig. 4 . They reflect closely the data presented in IV-VII, it is shown that a diet which supplies 2g protein with 175Cal/kg/day is adequate to promote growth in children with marasmus and marasmic kwashior kor, but not in children with kwashiorkor. Diets which supply 3 and 4 g protein with 175Cal/kg/day and ad libitum feeding caused significant changes in weight for height among all children with different types of protein calorie malnutrition. The changes in serum albumin as a function of treatment for children with marasmus, marasmic kwashiorkor and kwashiorkor are shown in Fig. 5 . As expected, the marasmic children showed less depression of serum albumin levels on admission than did children with marasmic kwashiorkor and kwashiorkor. All patients fed 1 g protein/kg/day regardless of calorie intake showed no changes in albumin concentration over the first 3 weeks. Diet with 2g protein and 175 Cal/kg/day normalized the serum albumin concentration among children with marasmus, but not among children with marasmic kwashiorkor and kwashiorkor.
Diets which contain either 3 or 4g protein with 175Cal are equally good for the stimulation of albumin regeneration, and the higher protein intake in Group VII did not accelerate the rate of regeneration. It is of interest that a diet containing 4g protein, but suboptimal calories (100Cal/kg/day), was sufficient to bring serum albumin to a normal concentration, but not to stimulate the growth of children with protein calorie malnutrition.
After the 10-week formula diet, all children were put on an ad libitum diet, consisting of solid food and milk formula, which provided 175Cal and 4g protein/kg/day, if the child consumed all of the diet prepared. We found that the food intake gradually dropped to about 120Cal/kg/day with 3g protein/kg/day. It appears that both the protein and calorie requirement gradually falls to physiologic levels as the child attains full recovery.
Sixty-five percent of all our patients have been followed up in their villages annually since discharge. Regardless of the amount of protein and calorie intake in hospital during the diet study-period, we have found that their growth pattern is good; and that the percentage of the weight for age, weight for height, and height for age are similar to the values obtained at the end of hospitalization, during which children in all groups had shown good catch-up growth. We have noticed that the height for age in marasmus is only 65°c of normal, which is significantly lower than found with the kwashiorkor group. The latter has a height for age of 77% of normal, even though the weights for age do not greatly differ among the various groups of children. This seems to indicate that marasmus children are relatively stunted when compared with children who have had marasmic kwashiorkor or kwashiorkor.
It appears from our own and other studies that the protein requirement for recovery from severe calorie malnutrition is in the vicinity of 3g/kg/day. At this level of protein intake, the growth rate is proportional to calorie intake in the range of 120 to 250Cal/kg/day.
Our study indicated that 175 Cal/kg/day is sufficient to promote adequate growth. THANANGKUL et al.
SUMMARY
We have investigated the pathophysiology and optimum treatment of PCM in Northern Thai children over the past 10years and have developed what we consider to be an improved scoring system for the diagnosis of the three major forms of severe protein calorie malnutrition, namely: marasmus, marasmic kwashiorkor, and kwashiorkor. We feel that it gives a more definitive classification of these subgroups of PCM than any other system. It takes into account anthropometric and laboratory parameters, as well as clinical ones, and permits hospitals and metabolic units in various parts of the world to make better comparisons of their results.
Various aspects of the pathophysiology of PCM have been studied, including hematopoietic, endocrine, and metabolic aspects. We have developed a plan of therapy which has reduced mortality to 6-7%. In support of our plan of treatment, we have presented the clinical and biochemical data, and have demonstrated the protein and calorie requirements for the optimum treatment of severe protein calorie malnutrition.
The distribution of the three forms of protein calorie malnutrition clearly differs widely in affected countries throughout the world. In some, marasmus is more prevalent; in others, kwashiorkor. Investigators not familiar with the global distribution of the types of the disease may be regarding their particular population of children in a special way.
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